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The chemistry of steroids is a rapidly expanding field 
providing one of the most interesting and thoughroughly 
explored area for organic chemists. Cholesterol the chief 
sterol of mammalian tissue and obligate precursor of steroidal 
hormone and bile salts has recieved much attention to its 
chemistry and biochemistry. 
Cholesterol, the first steroidal compound to be known, 
was reported by Cherveul in 1812 and isolated by Vallisneri 
from human gall stone as early as in 1733. An association 
between cholestanic deposits and human aortal plaque formation 
was well recognized by 1847 and several other relations of 
cholesterol to pathological states were summarized in 1862. 
The physiological activity of steroidal hormones and 
their role in various metabolism and the discovery of several 
biologically active steroids such as corticoids with their 
wide application in therapy led to the preperation of modified 
steroids with interesting facets of chemistry. Every year a 
very large number of these compounds are synthesized and 
screened for their chemical, biological, therapeutic and 
industrial potentials. By now a number of synthetic steroids 
have been reported to show antigestagens, antimineralo , anti-
cancer, anabolic and antimalarial activities. They have also 
2 
been used in treating cardiac diseases , skin diseases or 
3 
disorders and as inflammation inhibitors . 
: 2 : 
In recent years it has become increasingly evident that 
by modification of naturally occuring steroids, it is possible 
either to increase or decrease certain physiological properties. 
Observations like these continue to stimulate research 
activity in the field of steroids with unusual carbon frame 
work and uncommon substituent at different positions in the 
steroid nucleus. 
Among numerous modes of modification one finds skeletol 
modification involving the introduction of heteroatom at 
various sites m steroid nucleus 
Alauddin and Martin-Smith * and Martin-Smith and Surgue 
have reviewed biological activity in steroids possesing N-atom 
both of natural and synthetic origin. 
Our lab, concerned mainly with the synthesis of organic 
compounds and their identification and characterization by 
chemical and spectral studies, has been engaged for the last 
two decades in the preperation of modified steroids. Synthesis 
11 12 13 14 
of a large number of oxa * and aza ' steroids have been 
reported. 
It is very difficult to cover a detailed survey of all 
the synthetic steroids known till date. Therefore, in the 
present work an attempt is made to cover the literature specially 
• 3 • 
pertaining to the selective reactions used for the synthesis 
of hitherto unknown compounds specially in the cholestane 
series. The compounds obtained have been tentatively chara-
cterized on the basis of their elemental analysis, spectral 
properties [l.R., N.M.R.] and chemical transformation where 
ever possible. It is proposed to carry out further research 
to establish the structures and mechanism for their formation, 
It is also anticipated that these compounds will be screened 
for their biological activities. 
Cij^pi^rJ 
^heordicd 
15 The term Imidazole (l) was first introduced by Debus 
when he discovered the compound for the first time in 1858. 
He recognized the basic nature of the substance and established 
the correct empirical composition as C~H.N„ but he could not 
propose a structural formula. 
(I) 
It remained for Bambarger in 1893 to furnish the most 
convincing piece of evidence for the structure of imidazole 
(I) when he oxidized benzimidazole (II) to 4,5-imidazole 
dicarboxylic acid (III) and by decarboxylation of this compound 
obtained imidazole (l). 
oxidation 
(II) 
A 
1 
i \ / 
(I) 
Certain imidazoles are very important in living systems. 
Some examples are essential amino acid L-histidine (IV), 
Biotin (V), 5-aminoimida2ole-4-carboxyamide (Vl), Vitamin B._ 
and the pilocarpine alkaloids, A number of imidazoles are 
useful chemotherapeutic agents, Carnosine (VII) is a 
constituent of mammalian muscle. Ergothioneine (VIII) occurs 
in blood and animal tissue, 2-Nitro-imidazole (IX) is antibiotic 
HOOCH2NHCH2C 
(IV) 
0_CHCH^C-
^'^3^ (VIII) 
H \ 
HOOCHCH2C 
NHCOCH2CH2NH2 
(VII) I 
\ N 
(IX) 
H 
'''(CH_)COOH 
: 6 : 
All the compounds which contain the nucleus (X) may be 
included under the general heading 'Imidazoles'. 
(X) 
The term imidazole implies a five membered, heterocyclic 
ring system containing tv;o nitrogens at 1,3 positions with 
two double bonds. The correct numbering of the imidazole ring 
is shown in (I). The substituted nitrogen represents the starting 
point for the numbering of the N-substituted imidazoles. 
There are two tautomeric structures (l) and (XI) of 
imidazole. 
H 
<r^ 
H-^^ 
(I) 
-> 
(XI) 
Various methods used for the preparation of imidazoles are 
as follows. 
• 7 • 
1 y 1 p 
Japp and Radziszewski were the first to report almost 
simultaneously, the synthesis of imidazole by the condensation 
of a bicarbonyl compound benzil (XII) with benzaldehyde and 
ammonia and obtained 2,4,5 triphenyl imidazole (XIII) . 
//V_C=o NH3 
(/ n — C = 0 NH3 
^ 
(xiil (XIII) 
Debus prepared imidazole (l) by the reaction of ammonia, 
19 glycol and formaldehyde 
H - C = 0 
H - C = 0 
NH, 
NH, 
+ O = 
/ 
c 
I 
H 
H 
-> 
(I) 
Bromination of acetaldehyde in the presence of ethylene 
glycol gives a cyclic acetal of bromoacetaldehyde (XIV) . This 
on heating with formamide in the presence of ammonia is 
20 
converted to imidazole (l). 
: 3 
BrH2C 
/ 
(XIV) 
CHO 
H2N 
CH^Br 
+ / C 
0 H 
NH-
(I) 
Another method for the synthesis of imidazoles developed 
21 by k'^ eidenhagen is based upon observation that a-hydroxy ketones 
under the influence of ammonical cupric acetate solution are 
quantitaxively oxidized to the corresponding dicarbonyl deri-
vatives. He carried out this reaction in presence of 
formaldehyde and obtained 4-methyl imidazole (XV). 
CH^OH 
CH3-C = 0 oxidation 
Cu ++ -> Cu 
H-C = 0 NH, 
H3C -C = 0 
0 H 
C^ 
I 
H 
(XV) 
The most general method involves the condensation of 
a-amino aldehyde or a-amino ketone in its hydrochloride form 
with hot aqueous potassium thiocyanate. The thione (XVI) 
: 9 : 
obtained, is subjected to desulphurization v/ith Raney nickel 
22 
or by oxidation with concentrated nitric acid to afford 
imidazole (XVIl). 
CRO 
1 
\ / CI-
NHo 
KCNS 
• > 
CRO NH, 
c H2 cs 
"^ N 
I 
H 
- SO 
H 
-> 
// \\ HNO3 
R. 
^ (XVI) 
Raney Ni 
-N 
-. // V 
I 
H 
(XVII) 
A shorter route involves the reaction of a-bromoketone 
23 
and an amidine to give (XVIII) 
R^-C = 0 
R-*- CH 
\ 
Br 
H2N 
HN 
^ 
CR^  ^ 
R OC NH, 
R-^ HC CR 
\ / 
H 
-HBr 
-H2O > 
R^ 
R^  
i 
: 10 : 
The formation of 4-methyl imidazole (XV) from D-giucose 
under the influence of zinc hydroxide and ammonia was 
24 discovered in 1905 by Windaus and Knoop 
D - Glucose 
-> 
H 
0 = C - H 
+ 
H - C = 0 
H 
I 
2 NH, 
H3C - 0 = 0 
-.M 
H 
H3C' 
(XV) 
Imidazole (XIIl) may also be prepared by the reaction of 
25 
a-hydroxy ketone and benzamidine 
Ph 
PH 
H 
I 
C 
I 
c 
OH 
0 
H„N^ 
+ ^ C 
HN 
(XIII) 
Imidazoline (XIX) and their derivatives are usually 
synthesized from ethylene diamine and carboxylic acids or 
their derivatives 
CH2NH2 
CH2NH2 
0. R 
OH 
HCl 
Heat • ^ 
(XIX) 
: 11 : 
Benzimidazoles (ll) occurs in Vitamin B,^* The 
derivatives such as (XX) are usually prepared from 1,2-diamino-
r 
benzenes by reaction with carboxylic acids under acid condition^ 
+ 
0 R V 
HO 
. 28 
4NHCl,Biol V 
or ?olyphos 
ohoric acid 
at 200°C. 
(XX) 
A.E. Tschitchibabin reported the reaction of a-halo 
carbonyl compound with 2-amino pyridine to give imidazole 
derivative (XXl). 
COC^H^ 
CH. 
NH 
(XXI) 
29 Catascvlacos and Souli reported that 3p-acetoxy-16cf-
bromo-5a-androstan-17-one (XXIl) reacts with 2-amino methyl 
pyridine in xylene to afford the corresponding imidazopyridine 
(XXIII). 
: 12 : 
AcO 
(XXII) (XXIII) 
Condensation of 2-araino-4-methylpyriciine with 21-bromo-
3p-hyciroxy-5-pregnen-20-one (XXIV) gave the corresponding 
imidazopyridine (XXV) in 43?^  yield^^. 
(XXIV) (XXV) 
It is important to note that no other reports are 
available on the same kind of reaction on steroidal substrates. 
f^l^cmmn 
The survey of literature on synthesis of imidazoles 
revealed that a very few such derivatives with tne steroidal 
29 
frame work are reported . Therefore, some easily accessible 
a-bromoketones in the cholestane series have been selected as 
substrates for the synthesis of steroidal imidazoles. 
The ketones 6-oxo-5-bromo-5a-cholestane (XXVI), 3(3-
acetoxy-5-bromo-5a-cholestane-6-one (XXVIl) and 6-oxo-7a-
brom.o-5a-cholestane-3p-yl-acetate (XX;(Il) are allowed to react 
with 2-aminopyridine and the products obtained have been 
characterized on the basis of their elemental analysis, spectral 
properties and chemical transformations. 
Br O 
(XXVI) 
9 8^ 17 CgHj^ y 
Br 0 
(XXVII) 
98^17 
(XXXII) 
The mechanism proposed for form^ation of seme of the 
compounds, are tentative at this stage. 
: 14 : 
Reaction of 6-oxo-5-bromo-5a-cholestane (XXVI) with 2-amino 
pyridine ; Cholest-5-eno [4a,6 ; 4*,2*] pyrimido [l',2*-a] 
pyridine (XXVIII) 
6-0xo-'Z)-bromo-5a-cholestane (XXVI) was allov^ ed to 
react with 2-aminopyridine under reflux temperature. Final 
Work up of the reaction mixture gave an oil v;hich was chromato-
graphically shown to be a single entity. The oil analysed for 
CorjH.oN^ indicated the presence of aminopyridine moiety in the 
product. 
CQH^J •^ 8^ 17 
(XXVI) ^ - ^ (XXVIII) 
The I.R. spectrum of the compound showed the significant 
bands at 1660 {C=C) and 1580 cm"-'- (C=n)'^-^. The band for N-H 
was absent. 
The N.M.R. spectrum shov^ red peaks at 5 7.6 integrating for 
2 protons and 6 7.3 for 2 protons which can be easily assigned 
3J to the protons of pyrimidine ring. No signal for vinylic 
: 15 : 
protons was observed. The signals observed at <S 4.25 (t-one 
proton) can be attributed to C^p-H and singlets 1.25, 0.9, 0.83 
and 0.7 are assigned to methyl protons 32 
These values can best be accomodated by the tentative 
structure (XXVIII) for the molecule. 
The formation of compound (XXVIIl) from the bromoketone 
(XXVl) can be explained by considering that initially dehydro-
bromination gives the a,p-unsaturated ketone (XXIX) which then 
reacts with the amino pyridine as shown in Scheme-1. 
SCHEME - 1 
CoHj_7 
CsHl? 
(XXIX) 
^8^17 
CQHJ_7 
- H ? Q > 
(XXVIII) 
: 16 : 
The structure (XXVIIl) proposed for the oil and the 
mechanism find support from the fact that when the a,p-ketone 
(XXIX) • ' • allowed to react vdth aninopyridine gave the 
compound, which was identical in all respects to the oil sample 
obtained from the a-bromoketone (XXVl). 
Reaction of 3g-acetoxv-5-bromo-5a-choleston-6-one (XXVIl) with 
2-aminopvridine : 
3p-Acetoxy-5-bromo-ba-cholestan-6-one (XXVIl) v;&s allowed 
to react with aminopyridine under reflux temperature. Final 
work up in the usual manner and column chromatography over 
silica gel, the reaction mixture afforded six fractions with 
m.p. 90°, 125°, 142°, 124°, 110° and 152°C. 
AcO 
CsHl? 
-> 
CsHl? 
(XXX) 
r/ 
AcO 
(XXXI) 
AcO 
(XXXIV) 
CgH^y 98^17 
(XXXII) 
CsHl? ^8^17 
(XXXV) 
C8Hl7 
(XXXIII) 
(XXXVI) 
,^^0 Characterization of the compound with m.p. 90 as 3-oxo 
cholest-4-eno [4.6 ; 4)2'] pyrimido [l\2'-a] pyrl'line (XXX) 
The compound, m.p. 90 analysed for C^ .,H,^ N,^ 0. Presence 
^ 3Z oo Z 
of two nitrogen confirtns the aininopyridino moiety in the product. 
I.F^ . spectrum of the compound shows the significant 
: 18 : 
peaks at 1670, 1635 and 1595 cm" , which confirn. the presence 
of a,^-unsaturated ketone (-C=C-C=0), carbon carbon double bond 
(C=C) and carbon nitrogen double bond (C=N), respectively^'^. 
The N.M.R. signals showed peaks at 5 8.0(m, IH, C Q - H ) , 
6 7.36(m, 2H, Co,-H, C^'-H) and a very complex signal fr 
6 2.0 to S 2.9 for 6 protons (C^^-H^, ^X~^2 ®"^ '^j-^2'^ a 
S 1.0, 5 0.9, <S 0.8 and S 0.7 for methyl protons. 
om 
CoH 8"17 
1 0 ^ 
(XXX) 
The N.M.R. clearly showed the absence of OAc group and 
presence of an a,p unsaturated carbonyl system. 
The above data can best be rationalized by considering 
the pyrimido structure (XXX) for the compound. The formation 
of this can be explained by considering that the reaction 
proceeds via dehydrobromination followed by the nucleophilic 
attack at the ^-carbon as shown in Scheme-2. 
: 19 : 
SCHEME - 2 
AcO 
CQH^J 
(XXVII) 
AcO 
CgH^y 
(i) Hydrolysis, 
(ii) Oxidation Q 
Isomerizatio 
^ 
CgHj_y 
(XXX) 
: 20 : 
Characterization of the compound with m.p. 125 C as 6-oxo-5c-
cholestan-3e-vl acetate (XXXI) : 
The compound m.p. 125 analysed for C^gH 0_. Absence 
of nitrogen excluded the possibility of aminopyridine moiety. 
The compound was identified as 6-oxo-5ci:-cholestan-3{3-yl acetate 
(reported m.p. 127-128 ) on the basis of its spectral 
properties. 
CgH2_7 
AcO 
(XXXI) 
Characterization of the compound with m.p. 142 C as 6-oxo-7g-
bromo~5a-cholestan-3g-vl-acetate (XXXII} ; 
The compound with m.p. 142 C analysed for C^ jgH.^ O Br. 
Absence of nitrogen shows no possibility of aminopyridine 
moiety. The compound was identified as 6-oxo-7a-bromo-5a-
cholestan-3)3-yl-acetate (XXXII) (reported m.p. 143.8 - 146.8°C)^' 
on the basis of its spectral properties. 
: 21 : 
AcO 
C^H, 
(XXXII) 
Characterization of the compound with m.p. 124 C as 6-oxo--
cholesta-3,4-diene (X.:)ail) : 
The compound with m.p. 124 C, was analysed for C^yH.„0. 
The compound was identified as 6-oxoxholesta-3,4-ciiene (XXXIIl) 
(reported, m..p. 129-130°C) on the basis of its spectral 
properties. 
: 22 : 
Characterization of the compound with m.p. 110 C as 6-oxo-
cholest-4-en-3g-vl-acetate : 
The compound with m.p. 110 C was analysed for ^no^'A(P2' 
The compound was identified as 3^-acetoxychole5t-4-en-6-one 
o 3b (reported m.p. 110 C) on the basis of its spectral 
properties. 
^8"l7 
AcO 
(XXXIV) 
Charecterization of the fraction with m.p. 152 C ; mixture of 
5g-cholestr::.-6-eno-[6, 7;2 * >3* ] imidazo [l',2*-a] Dvrioine-3p-
yl-acetate (XXXV) and 5g-cholesf3 -6-eno [6,7;2',3'] imidazo 
[l*,2*-a] pvridine-3g-vl-acetate : 
The substance with m.p. 152 C was analysed for C^^HP^QK'O . 
Presence of two nitrogen shows the possibility of aminopyridine 
moiety. The I.R. spectrum shows the significant bands at 1750, 
1730, 1580 and 1240 cm"-'". The signal for N-H was absent. 
The N.M.R. spectrum shows the peaks at 5 8.08(m, 2H, C^*-H, 
C Q ' - H ) , ^ 7.93(m,2H,C^,-H,C^'-H), 5 5.6(m, C3aH, v4 = 7Hz, eq). 
: 23 : 
0 
S 5.3(m, Cg-aH, W^ =d7Hz;ax; (5^  2.06(s, 3H, CH3-C-O-) , 5^  1.93 
0 
(Is, 3H, CH^-C-O), 1.28, 0.93, 0.83, 0.7 (methyl protons). 
The peaks at 0 5.6 and S 5.3 with no clear integration 
suggested that a mixture of (XXXV) and (XXXVI) is present which 
accounts for both the peaks along with the W—, 17Hz and 7 Hz 
for the tv;o signals. 
The substance is tentatively characterized as a mixture 
having (XXXV) and (XXXVI) in almost equal proportions, v/hich 
also takes into account of the two bands at 1750 and 1730 cm 
in its i.r. spectrum. 
CgH,, CBHI7 
-1 
AcO AcO 
(XXXV) (XXXVI) 
The formation of (XXXV) and (XXXVI) can be explained by 
considering that bromine at C5 in (XXViO migrates to C7 follow 
by the reaction of 2-^aminopyridine as shown in Scheme-3. 
SCKEWE - 3 
: 24 : 
C8H 
AcO 
^8^17 
AcO 
CBHIT 
It is supposed that Keto-enol tautomerism occurs during 
the course of reaction thereby hydrogen at C^ ^ position may be 
a- or §- oriented. 
: 25 : 
Reaction of 6-oxo-7a-bromo-5a-cholestan-3g-yl-acetate 
(XXXIl) with 2-aminopvridine ; Mixture of 5a-choIest-6-
eno [6,7 : 2',3'] imidazo [l*,2*-a] pyxidine-Sp-yl-acetBte 
(XXXV) and 53-cholest-6-eno [6.7 ; 2* , 3']in-idazo[l', 2 '-a] 
pyridine-3g-yl acetate (XXXVI) : 
35 The 6-oxo-7a-brorno-5a-cholestan-3p-yl-acetate 
(X;'XIl) was allowed to react with 2-aminopyridine under 
reflux temperature. Final work up of the reaction mixture 
and crystallization gave the compound with m.p. 152 C 
which was similar in all respects with the sample obtained 
from the reaction of aminopyridine with 3p-acetoxy-5-bromo-
5a-cholestan-6-one (last fraction) (XXVIl) and hence it is a 
mixture of (XXXV) and (XXXVl). 
'jS.xprmcnicCi 
All melting points are uncorrected. I.R. spectra were 
measured with a Perkin-Elmer 237 spectrophotometer. M/.R 
spectra were run in CDCl^ and CCl. on a Varian A-60 instrument 
v;ith T.M.S. as internal standard. TLC plates were coated with 
silica gel and sprayed with a 20/o aqueous solution of 
perchloric acid. Petroleum ether refers to a fraction of b.p. 
60-80 . N//R values are given in ppm (s=singlet, d=doublet, 
t=triplet, br^broad, mc=multiplctcentred at, dd=doublet of a 
doublet). I.R. values are given in cm (s=strong, m=medium., 
w=weak, br=broad}. 
3g-Chlorocholest-5-ene : 
Freshly purified thionyl chloride (40 ml) was added 
gradually to cholesterol (50 g) at room temperature. A 
vigorous reaction ensued with the evolution of gaseous products 
When the reaction slackened, the mixture was gently heated 
at a temperature 50-60 on a v/ater bath for one hour and 
then poured into crushed ice with stirring. The yellow solid 
thus obtained was filtered under suction and washed several 
times with ice cold water and air dried. Recrystallization 
from acetone gave 3p-chlorocholest-5-ene (45 g) m.p. 95-96 
(lit.^ "^ , m.p. 96-97°). 
: 27 : 
Cholest-5-ene : 
3i3-Chlorocholest-5-ene (10 g) was dissolved in warm amyl 
alcohol (230 ml) and sodium metal (20 gm) was added to the 
solution with continuous stirring over a period of eight hours, 
The reaction mixture was warmed-: occassionally.When all the 
sodium metal was dissolved, the reaction mixture was poured 
into water acidified with hydrochloric acid and then allowed 
to stand overnight. A white crystalline solid thus obtained 
was filtered under suction and washed thoroughly with water 
and air dried. The crude material was recrystallized from 
o acetone to provide cholest-5-ene as cubes (8.3 g), m.p. 94 
(lit?^, m.p. 95°). 
6-Nitrocholest-5--ene 
A suspension of finely powdered cholest-5-ene (6 g) in 
glacial acetic acid (50 ml) was vigorously stirred at room 
temperature and treated with nitric acid (15 ml, d : 1.5) 
followed by addition of sodium nitrite (3 g) over a period of 
one hour. The reaction mixture was poured into cold water and 
the yellow product thus obtained was extracted with ether. 
The ethereal layer was washed successively with water, sodium 
bicarbonate (lO^) (until the washing were pink) and again with 
water and dried over anhydrous sodium sulphate. Removal of 
the solvent provided the desired compound as an oil which was 
: 28 : 
crystallized from ethanol as leaflets (4.5 g) m.p, 119-120 
(lit?^ m.p. 120-121°). 
5a-Cholestan-6-one 
6-Nitrocholest-5-ene (6 gm) was dissolved in warm glacial 
acetic acid (120 ml) and Zn-dust (12 g) was gradually added 
with shaking. The mixture was heated under reflux for four 
hours and water (12 ml) was added during the course of reaction. 
Zn powder (unreacted) was removed by filteration and the 
filtrate was diluted with water, 5a-cholestan-6-one crystallized 
out as thin plates was recrystallized from ethanol (3.5 gm) 
m.p. 96-98° (lit?^ m.p. 98-100°C). 
5-Bromo-5g-cholestan-6-one (XXVl) 
5a-Cholestan-6-one (8 g) was mixed with acetic acid (18 ml), 
ether (91 ml) and cooled to 0°C. Bromine solution (41 gms. of 
bromine in 58 ml. of acetic acid) was added to it slowly. Few 
drops of hydrobromic acid were added to catalyse the reaction. 
Decolourisation proceeded rapidly and a crystalline material 
started seperating after the addition of approximately half of 
the bromine solution. The ether was removed under reduced 
pressure and the desired ketone (XXVI) collected and recrystallize 
from petroleum ether (3.60 g) m.p. 102° (liti^ ° m.p. 101-102°C). 
: 29 : 
Reaction of 6-oxo-5-bromo-5a-cholestane (XXVI) with 2-amino-
pyridine ; Cholest-5-eno [4a,6 ; 4',2*] pyrimido[l*.2*-a] 
pyridine (XXVIIl) 
The ketone (XXVI) (500 gm) was dissolved in xylene (10 ml)and 
to this,was added 2-aminopyridine (100 mg) and the mixture 
was refluxed for six hours. After filteration the solvent was 
evaporated under reduced pressure. The residue was extracted 
with ether and the solution washed several times with water and 
dried over sodium sulphate. Evaporation of the solvent afforded 
the compound (XXVIII) as an oil (30C mg), n = 1.6, R^ 0.41. 
^j^3j^-1660 (C=C), 1580 (C=N) cm"^ 
6 7.6 (m, 2H, Cpj'-H), 7.3 (m, C^'-H, C^'-H), 4.25 (t, C^ '-jSH 
J = 7 Hz), 1.25, 0.9, 0.83, 0.7 (methyl protons). 
^32^48^2 ^^ .Icd - C 83.41, H 10.50, N 6.08^ 
Found - C 83.30, H 10.6, N 6.1%. 
Cholest-4 -en-6-one (XXIX) 
A solution of 5-bromo-5a-cholestan-6-one (XXVI) (5 g) in 
pyridine (50 ml) was heated under reflux for eight hours under 
anhydrous conditions. The mixture was diluted with ice cooled 
water and extracted with ether. The ethereal solution was 
washed with water, dilute hydrochloric acid, sodium bicarbonate 
: 30 : 
(5%) and water and dried over anhydrous sodium sulphate. 
Evaporation of the solvent gave (XXIX) as an oil which was 
recrystallized from methanol (2.7 gm) m.p. 108 (lit. , m.p. 
108-109°C). 
Reaction of cholest-4-en-6-one (XXIX) with 2-amino pyridine : 
Cholest-5-eno [4a.6 ; 4*.2*] pyrimido [l',2*-a] pyridine 
(XXVIII) 
The ketone (XXIX) (bOO gm) was dissolved in xylene (10 ml) 
and to this was added 2-aminopyridine (100 gm). The mixture 
was refluxed for six hours. After filteration the solvent was 
evaporated under reduced pressure. The residue was extracted 
with ether and the solution washed several times with water 
and dried over sodium sulphate. Evaporation of the solvent 
gave the compound (XXVIIl) as an oil which was similar in all 
respectswith the sample obtained from the reaction of 2-amino 
pyridine with 6~oxo-5-bromo-5a-cholestane (XXVI). 
3g-Acetoxycholest-5-ene : 
A mixture of cholesterol (50 g), pyridine (75 ml) and 
acetic anhydride (50 ml) was heated on a steam bath for two 
hours. The resulting brown solution was poured onto crused 
ice-water mixture with stirring. A light brown solid was 
: 31 : 
obtained which was filtered under suction, washed with water 
until free from pyridine and air dried. The crude product on 
recrystallization from acetone gave the pure acetate (45 g), 
m.p. 114-115°. (lit?^, m.p. 116°C). 
3g-Acetoxv-6g-hvdroxy-5-bromo-5a-cholestane : 
3^-Acetoxycholest-5-ene (12 g) was dissolved in ether 
(200 ml) and to this was added at 0° perchloric acid (1.6 ml) 
and N-bromosuccinimide (9,6 gm). The mixture was stirred at 
room temperature for two hours. The reaction mixture was then 
extracted with ether and washed with water, sodium thiosulphate 
solution (5%) and again with water and dried over anhydrous 
sodium sCilphate. Evaporation of the solvent gave a solid which 
was recrystallized from petroleum ether to give the bromohydrin 
(8 g) m.p. 162° (lit?"^ , m.p. 162°C). 
3g-Acetoxy-^5-bromo-5a-cholestan-6-one (XXVII) : 
To a solution of 3p-acetoxy-6P-hydroxy-5-bromo-5a-
cholestane (10 g) in acetone (300 ml), Jones reagent (15 ml) 
was added and the reaction mixture was stirred at 5-10°C for 
two hours. Excess of chromic acid was destroyed by isopropanol 
and saturated solution of sodium acetate. The mixture was 
poured into water and the solid thus obtained was filtered, air 
: 32 : 
dried and recrystallized from methanol to give the pure a-bromo 
ketone (XXVII) (8.5 gm) m.p. 162 - 164° (lit^^, m.p. 162°C). 
Reaction of 3g-acetoXY-5-bromo-5a-cholestan-6-one (XXVII) with 
2-amino pyridine : 3-Oxocholest-4-eno [4,6 ; 4*»2*] pyrimido 
[l\2^-a] pyridine (XXX), 6-oxo-5a-cholestan-3g-yl acetate 
(XXXI). 6-oxo-7a-bromo~5g-cholestan-3g-yl acetate (XXXII),6-
oxocholesta-2.4-diene (XXXIII). 6-oxocholest-4-en-3P-yl acetate 
(XXXIV). 5a-cholest-6-eno [6.7 ; 2'.3*1 imidazo [l'.2<-a] 
pyridine-3l3-yl acetate (XXXV). 5g-cholest-6-eno [6.7 ; 2*.3']. 
imidazo [l'.2'-a] pyridine-3B-yl acetate (XXXVI) : 
The ketone (XXVIl) (2 g) was dissolved in xylene (40 ml) 
and to this was added 2-amino pyridine (400 mg) and the mixture 
was refluxed for six hours. After the usual work up as described 
earlier the oily residue (Ca. 1.8 g) was chromatographed over 
silica gel and gave six fractions. Elution with a mixture of 
petroleum ether and ether (20:1) gave the compound (XXX) which 
was recrystallized from petroleum ether (200 mg) m.p. 90°C. 
^^ 3^5^ 1670 (-C=C-C=0), 1635 (C=C), 1595 (C=N) cm"^ 
S 8.0 (m, IH, C^*-H), S 7.36 (m, 2H, Cg'-H, and C^'-H) and a 
very complex signal from 5" 2.0 to S 2.9 for 6 protons (C,Q'-2H, 
C2-2H and Cy-2H) and S 1.0, S 0.9, S 0.8 and S 0.7 for methyl 
protons. 
: 33 : 
Further elution with petroleum ether and other (15:1) 
gave (XXXI) which was recrystallized from methanol (250 mg) 
m.p. 125°C (lit?"^ , 127-128°C). 
0 
" ~1 
>) ^1730 (CH^-C-0), 1720 (C=0), 1230 (acetate) cm 
S 4.58 (m, IH, C3H W^ = 18Hz), 1.98 (s, 3H, CH3-C-O) 
0 
5^ 2.3 (m, 3H,C5-Hand Cy-2H), S" 1.08, 0.9, 0.83, 0.75 (methyl 
protons). 
^29"48°3 ^ 1^^ »^ ^ = 78.32, H, 10.68^ 
Found C = 78.3, H, 10.6?^ . 
Continued elution with the same solvent system afforded 
(XXXII) which was recrystallized from methanol (350 mg) m.p. 
142°C (lit.^^, 143.8 - 146.8°C), positive Beilsteih test. 
0 
^^ .^^  1735, 1230 (CH--C-0-), 1710 (C=0), and 780 cm"*-'-(C-Br), 
max o 
^.4^(m, IH, C3~H, W^ = 17Hz), ^4.1 (br S, IH, C^p-H), 
2.0 (s, 3H, CH3-(;-0), 5^ 2.35 (m, IH, Cg-H), §^0.94, 0.83, 
0 
0.8, 0.71 (-other methyl protons). 
^29^47^3^^ Calcd. C, 66.52, H, 9.04, 
Found C, 66.5, H, 9.1% 
Continued elution with the same solvent (12:1) afforded 
(XXXIII) which was recrystallized from methanol (300 mg), 
m.p. 124°C (lit?^, 129-130°C). 
: 34 : 
2^ 3030 (C=CH-CH=C), 1665 (C=C-C=C-i:=0) , 1620 (C=C), 
S 6.73 (m, IH, C^-H;, 6.06 (dd, 2H, C^-H and C^-H), 2.3 (m, 
2H, C,-2H), 2.45 (m, 2H, C^-2H), 1.0, 0.93, 0.83 and 0.71 
(methyl protons). 
^27^42° Calcd. C, 84.75, H, 11.06, 
Found C, 84.7, H, 11.0%. 
Further elution with a mixture of light petroleum and 
ether (10:1) provided the compound (XXXIV) which was recry-
stallized from methanol (200 mg), m.p. 110°C (lit?^, 110°C). 
0 0 
V ^1730 (CH^-C-0-), 1690, 1625 (C=C-C-), 1225 (acetate) 
ITlclX O 
S 5.93 (br, IH, C^-H), 4.85 (m, IH, C3a-H, w| = l6Hz), 2.2 (m, 
2H, C^-2H), 1.11, 1.0, 0.91, 0.81 (methyl protons). 
^29^46^3 ^^1"=^' C, 78.68, H, 10.47, 
Found C, 78.6, H, 10.4% 
Eluates from the same solvent (7:1) gave the mixture of 
isomeric compounds (XXXV) and (XXXVI) which was crystallized 
from methanol (200 mg), m.p. 152°C. 
^ •?! 
V 1750, 1730 (CH,-C-0), 1580 CC=N), 1240 (acetate), 
8 8.08 (m, 2H, C^'-H, Cg'-H), 7.93 (m, 2H, C^'-H, C^'-H), 
S 5.6 (m, IH, C^a-H, w| = 7Hz), 8 5.3 (m, C^-aH, W^ = 17Hz), 
35 
S 2.06 (s, 3H, CH3-C-O), 1.93 (s, 3H, CH3-C-O), 1.28, 
0.93, 0.83, 0.71 (methyl protons). 
^34^50^2*^2 ^^^^^' ^' 78.71, H, 9.71, N, 5.39^ 
Found C, 78.6, H, 9.6, N, 5.3% 
Reaction of 6--oxo-7a-bromo--5a-cholestan-3g-vl acetate (XXXIl) 
with 2-amino pyridine ; 5a-Cholest-6-eno [6,7 ; 2',3*] imidazo 
[l'.2'-a] PYridine~33-vl acetate (XXXV) and 5P-cholest-6-eno 
[6.7 I 2'.3']. imidazo [l'.2'-a] pvridine-33-yl acetate (XXXVI); 
The a-bromoketone (XXXIl) (500 mg) was dissolved in xylene 
(10 ml) and to this was added 2-amino pyridine (100 mg) and the 
mixture was refluxed for six hours. After the usual work up as 
described earlier the oily residue (Ca. 400 gm) as the only 
product which was crystallized from methanol to give(>CXXV, XXXVI) 
(350 mg), m.p. 152*^ 0. It was identical in all respects with 
the sample of the last fraction obtained by the reaction of 
( XXVII ) with 2-amino pyridine. 
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^heordicctl 
In 1961 Svoboda et al. first reported the preperations 
of amino alcohols from steroidal epoxides. They carried out 
the condensation of 2a, 3a-epoxy-5a-cholestane (I) and 2a, 
3a-epoxy-5a-androstan-17-one (ll) with dimethylamine and 
obtained 2^-dimethylamine-3a-Ol derivatives (III) and (IV), 
respectively. 
H 
yMe r 
HN '>s^, ^M 
^>^e Me '^  
R 
( I ) H, CgH^7 
( I I ) 0 
• > 
HO 
H 
R 
( I I I ) H, CgH^7 
(IV) 0 
Hewett and Savage r e p o r t e d t h a t t h e condensa t ion of 3 p -
a c e t o x y - 1 6 a , 17a--epoxy-5a-androstane (V) wi th morphol ine 
f u r n i s h e d 3 f3 -ace toxy -16p-morpho l ino -5a -and ros t an -17a -o l ( V I ) . 
: 41 : 
AcO 
(V) (VI) 
3 
Hassner and Catasovlacos treated steroidal epoxide with 
primary or secondary amines at room temperature to obtain 
amino ketone. For example 3p-acetoxy-16oc, 17a-oxido-17p-
bromo-5a-androstane (VII) was reacted with isopropyl amine, 
diethyl amine and morpholine to give the corresponding amino 
ketones (VIII - X). 
AcO 
H 
(VII) 
AcO 
H 
VIII 
IX —U 
X — 
R 
-NHCH(CH„)„ 
: 42 
When ;3^-acetoxy-2a,3a-oxido cholestane (XI) was treated 
with piperidine, morpholine and 2,6-dimethyl morpholine the 
corresponding ketones (XII - XIV) were obtained. 
^8^17 ?8^17 
(XI) 
H 
XII 
H3C 
6P-Amino-5a-hydroxy (XVI - XVIII) steroids were prepared by 
cleaving the corresponding 5a,6a-epoxides with anunonia, primary 
or secondary amine at temperature ranging from 80° to 120 in 
4 
presence of water . 3p-Acetoxy-5a,6a-epoxy androstan-17-one 
(XV) was completely cleaved in three days by boiling with 
morpholine containing 10% water to give 3p,5a-dihydroxy-6P-
morpholinoandrostan-17-one (XVI). The condensation of the 
epoxide (XV) with boiling n-propyl amine with 10% water or with 
; 43 : 
anunonia in methanol and subsequent hydrolysis yielded 3P,5a:-
dihydroxy-6p~propylaininoandrostan-17-one (XVII). However, 
when epoxide (XV) was condensed with a solution of ammonia in 
dioxan, 6p-acetamido-3^,5a-dihydroxyandrostan-17-one (XVIII) 
was obtained which on acetylation gave the diacetate (XIX). 
AcO 
XVI 
OHR 
—M 
R 
D 
XVII - NHCH2CH2CH3 
0 
XVIII - NH-C-CH^ 
Ac20/Py 
NHCOCH3 
AcO 
NHAc 
(XVIII) (XIX) 
: 44 : 
Condensation or 2a,3a-epoxy-5a-androstan-17-one (ll) 
with primary or secondary amine in the presence of water gave 
the corresponding 2^-amino--3a-hydroxy-5a-androstan-17-one 
(IV,XX - XXV), These reactions were catalysed by water possibly 
5 
by the formation of the more reactive intermediate oxonium ion , 
H 
(II) R 
Me 
IV n( 
^Me 
XX NHMe 
XXI -N 
XXII -N 
R 
/^^2^"3 
CH^CH-j 
CH^CH^CHq 
^ CH2CH2CH3 
XXIII 
XXIV -- N 
XXV o 
The condensation of 2a,3a-epoxy-5a-androstan-17p-ol 
(XXVI) with secondary amine in water gave the corresponding 
2|3~amino-5a-androstan-3a, 17p-diol (XXVII) . 
H 
(XXVI) 
R-
R ^ 
NH 
: 45 : 
(XXVII) 
Condensation of 2a,3a-epoxy-l7a-methyl-5a-androstan-17p-ol 
(XXVIII) with aqueous morpholine gave 17a-methyl 2^-morpholino-
5a-androstan-3a,17p-diol (XXIX)^. 
0 ^ ^ 
H 
(XXVIII) 
.CH, 
(XXIX) 
3 , 1 7 - D i o x o - 2 - a i n i n o - s t e r o i d (XXXI) was p repa red by t h e 
condensation of la,2a-epoxy-5a-androstane-3,17-dione (XXX) 
5 
with boiling aqueous morpholine . 
: 46 : 
n-O..^ \ — / H20 
Savage et al. utilized the condensation of 17p-acetoxy-
16a,17a~epoxy-5a-androstan-3p-ol (XXXII) with sec. amine to 
give tertiary 16^-amino-17-ketone (XXXIII) . 
AcO 
H 
(XXXII) (XXXIII) 
7 
Campbell et al. gave another method for synthesis of a-amino 
steroidal alcohol from the corresponding alkene. The /\'^-17-
ketone (XXXIV) was converted to 2^,3^-epoxide (XXXVI) via 
: 47 : 
bromohydrin (XXXV), Trans diaxial ring opening of epoxide by 
sodium azide gave the sole product 2|3-hydroxy-3a-azide (XXXVIl) 
which was converted to the amine (XXXVIII) by catalytic 
hydrogenation. 
O 
HOBr 
H 
(XXXV) 
-HBr 
(XXXVI) (XXXVIl) (XXXVIII) 
The 2^-amino-3a-hydroxy androstan-17-one (XXXIX) was 
obtained directly from the a-epoxide (II) by transdiaxial 
ring opening with ammonia. Similar synthesis of 2a-amino-3P~ 
hydroxy stproid (XL) has also been reported ,, ^ ,^<. *;*'t'1^ v-. 
^ ^ K ^ '" • •• - - * ; - - - , 
,% 
: 48 : 
(II) (XXXIX) (XL) 
2p-Hydroxy-3p-ainino androstan-lT-one (XLIV) was also 
obtained from the ^-epoxide (XLI) via the azide alcohol (XLII), 
which was acetylated and then oxidized to give the 2-oxo-3a-. 
azido-androstan-17-acetal (XLIII) which was converted to (XLIV) 
The compound (XLIV) possess antiarrhythmic property 10 
0> 
Ci) HOBr y ^ ^ ^^ ^^ 
(ii) NaN3 
N 
...UJ 
H 
(XLI) 
H 
(XLII) (XLIII) 
: 49 : 
silica 
gel 
7 
Campbell et al. carried out the stereospecific synthesis 
of 3a-amino-2|3-hydroxyandrost-5-en-17-one (XLVIl) and 2p-amino-
3a-hydroxy-androst-5-en-17-one (XLVIII) from A^-2p,3p-epoxy 
androst-5-en-17-one (XLV) and its 2a,3a-epimer (XLVI). 
(XLV) (XLVII) 
: 50 : 
H O : 
(XLVI) (XLVIII) 
The epoxy androstane dienone (XLIX) with NaN^ in acetic 
acid at room temperature gave azido androstadienone (L) in 
40% yield-^ -^ . 
(xLix; 
(acetic acid) Q ^ 
(L) 
O-C-C2H5 
H 
12 Ponsold and Preibsch synthesized 2p,3p-imino-5a-androstan' 
17p-ol (LIII)from 2a,3a-epoxy-5a-cholestan-17-one (ll) via the 
corresponding azido alcohol tosylate (LIl) and converted it into 
: 51 : 
2^-amino-3a-chloro-5a-androstan-17^ol (LIV). 2^-Amino-3p-
hydroxy derivative (LV) were prepared from azidoalcohol (Ll). 
(II) 
N3.^x''\L^^\^ 
(iJ_NaN^ I 1 J 
R 
R 
(Ll) H 
(LII) Ts 
* ^ C HoN 
(LIVj 
: 52 
Ahmad et alP reported the reaction of epoxide (LVI 
LVIII) with PhNCS, LiCl and DMF to give (LIX). 
CQHJ_7 CM, 
(LIX) (LVI) CI (LVII) OH 
(LVIII) OAc , 
M.S. 'Ahmad and Zafar Alam""^  reported that the reaction of 
thioacetamide and thio urea on steroidal 4p, 5p-epoxy-3-one (LX) 
gave the thiazoles (LXI - LXIII). 
^8^17 
(LX) 
CH3CSNH2 
(LXIII) 
NH2CSNH2 <CP 
R 
^ 
(LXI) 
(LXII) 
R 
NH2 
CHo 
^i^cnmon 
The nitrogen and/or oxygen containing steroids have been 
reported to show multifacet biological activities ' . This 
has been a constant source for inspiring the synthetic chemist 
to synthesize new steroidal nucleus with nitrogen and oxygen at 
various positions. A combination of the two in the form of an 
17 
additional ring such as oxazolidines, oxazolines have been 
synthesized and found to show some or the other physiological 
importance. With this view an attempt is made to synthesise such 
derivatives from the easily accessible steroidal epoxides. A 
preliminary study is made with 3p-acetoxy-5a,6a-epoxy cholestane 
and the results obtained are discussed. 
Reaction of 3g-acetoxv--5. 6ct~epoxv cholestane (LVIII) with methyl 
amine ; N-MethYl-38--hYdroxv-6-aminocholest-5-ene (LXIV) ; 
18 The epoxide (LVIII) was treated with methylamine in 
presence of ethanol and benzene as the solvent under heating 
condition. The final reaction mixture on removal of the 
solvents provided a solid having a single entity. This was 
further purified by crystallization to give (LXIV) m.p. 110°C. 
The compound analysed for C2gH4^N0. Its I.R. spectrum with 
broad band from 3200 cm" to 3400 cm" and at 1650 cm""^ , showed 
the presence of NH, OH and C=C-'-^  in the molecule. The fact 
that carbonyl band was absent combined with the expectations 
: 54 : 
led to the possibility of aminoalcohol. On the basis of 
I.R. spectra the structure such as (LXIV) and (LXV) can be 
written for the compound m.p. 110 . 
CQH-J_7 *^ 8"l7 
(LVIII) ^^3 (LXIV) "^ ^  (LXV) 
The n.m.r. spectrum of compound displayed signals at 
6 3.8 for 1 proton with half band width 17Hz, 6 2.9 for 1 
proton as broad singlet, 1.08 for 3 protons (N-CH^), 0.9 
(Cj^Q-CH^), 0.6 (Cj^^-CH^), 0.8 and 0.65 (other methyl protons). 
The signals at S 3.8 and 2.9 can be ascribed to C3a-H and 
N-H respectively in the structure (LXIV). Absence of any 
signal for vinylic proton clearly discarded the possibility 
(LXV). 
Therefore, in accordance with the composition and 
spectral properties, the compound, m.p. 110° can best be 
characterized as N-methyl-3p-hydroxy-6-aminocholest-5-ene (LXIV) 
The formation of (LXIV) from (LVIII) can be understood by 
: 55 : 
considering the epoxy ring opening by methyl amine, elimination 
of water and hydrolysis of acetate function hot necessarily in 
the same order. 
Reaction of N-methvl-3g-hvdroxv-6-amino-cholest-5-ene (LXIV) 
with acetic anhydride in absolute methanol ; 
The amino compound (LXIV) was treated with acetic anhydride 
in methanol with stirring. It was anticipated that N-acyl 
20 
derivative will be obtained . The reaction mixture on work up 
gave an oily residue which was chromatographed over silica gel 
gave a substance which showed m.p. 180° and analysed for 
C^QHP^^NO. Analysis showed an increase of a CH^ moiety only 
as compared to the starting compound. This is a clear indication 
that the expected acylation has not occured. The I.R. spectrum 
bands at 3450 cm""^  for NH and lt)50 cm"-"- for (C=C)-^^ clearly 
showed the absence of OAc group. 
The n.m.r. spectrum gave peaks at 6 3.85 for one proton 
(singlet C^-H and 6 3.3 for ^ H, C^-NH), S 3.1 singlet and 
S 3.15 singlet (total for 3 protons O-CH^)» 5 l.l(singlet for 
3 protons N-CH^) and S 0.65, S 0,8, S 0.9 (other methyl protons). 
These analytical and spectral data can best be rationalized 
by considering the substance as a mixture of (LXVI) and (LXVIl). 
: 56 
^8^17 CgH-L7 
(LXVI) (LXVII) 
'j^XY^^hnmiccL 
3p-Acetoxvchole5t-5-ene : 
A mixture of cholesterol (50 g), pyridine (75 ml) and 
acetic anhydride (50 ml) was heated on a steam bath for two 
hours. The resulting brown solution was poured into crushed 
ice-water mixture with stirring. A light brown solid thus 
obtained was filtered under suction, washed with water and 
air dried. The crude product on recrystallization from 
acetone gave pure 3p-acetoxycholest-5-ene (45 gm), m.p. 114-115 
(lit. , m.p. 116 ). 
3g-Acetoxv-5cc.6g-epoxy-5a-cholestane (LVIII) : 
3p-Acetoxycholest-5-ene (4 gms) in chloroform (35 ml) was 
treated with a chloroform solution of perbenzoic acid (P.B.A. 
1.1 mole) and kept at 0°C for 20 hours, this mixture was then 
washed with ice-cold NaHCO^ (5%), water, sodium thiosulphate 
solution and again with water and dried over sodium sulphate. 
Evaporation of the solvent afforded a solid which was crystallized 
from acetone to give the epoxide (LVIIl) (2.6 cm) (m.p. 101°C) 
(liti-^ , m.p. 101°C). 
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Reaction of 3g-acetoxv-5.6a-epoxvcholestane (LVIII) with 
methyl amine : N--Methvl-30-hvdroxy-6-aminocholest-5-ene 
(LXIV) :' 
The epoxide (LVIII) (2 g) was dissolved in ethanol 
(35 ml) and benzene (35 ml) and into this methyl amine (12 ml) 
was added. The reaction mixture was stirred for about 
seventeen hours at the temperature ranging from 50-55 C. The 
reaction progress was monitored by T.L.C. The solvent was 
evaporated under reduced pressure and the oil obtained was 
recrystallized from ethanol to give (LXIV) (1.5 gm), m.p. 110°. 
^max^^^° to 3400 cm""'- (br, OH and NH), 1650 cm'"-^(C=C). 
S 3.8 (s, IH, W^ = 17Hz, C3a-H), S 2.9(1H, broad singlet 
for NH), S 1.08 for 3 protons (N-CH^), 0.9 (CJ^Q-CH^) , 0,6 
(C,2-CHo)t 0.8, 0.65 (other methyl protons). 
C2QH49NO Calcd. C, 80.9, H, 11.8, N, 3.36, 
Found C, 80.7, H, 11.9, N, 3.4%. 
Reaction of N-methvl-3g-hvdroxy-6-aminocholest-5-ene (LVIII) 
with acetic anhydride in methanol : 
Aminohydroxy compound (LVIII) (1.3 g) was dissolved in 
methanol (30 ml) and acetic anhydride (5 ml) was added to it. 
The reaction mixture was stirred for three hours and temperature 
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between 50-55°C. The reaction progress was monitored with 
T.L.C. The solvent was evaporated under reduced pressure 
and the -oil obtained was chromatographed over silica gel. 
The fraction from Petroleum ether : ether (10:1) provided a 
solid which was crystallized from petrol to give a mixture of 
(LXVI) and (LXVIl), m.p. 180°C (0.500 gm). 
i)j^ j^^ 3450 cm"-'-(N-H), and 1650 cm""*- (C=C) . 
S 3.85 (IH, s, C3a-H), S 3.3 (^ H, s, C^-N-H), 5 3.l(singlet> 
and S 3.15 (singlet) total for 3 protons (O-CH^)* 5 l.l(s, 
3H, N-CH3) and 5 0.65, 5 0.8, S 0,9 (other methyl protons). 
^9^7^^° Calcd. C, 81.05, H, 11.96, N, 3.25_, 
Found C, 81.1, H, 11.8, N, 3.3%. 
The data can best be rationalized by considering the 
substance as a mixture of the following tautomers (LXVI and 
LXVII). 
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